ABSTRACT. Objective. Immunization of egg-allergic children against measles, mumps, and rubella (MMR) is often deferred or even denied, although the safety of this vaccination has been clearly shown. Moreover, the majority of severe allergic reactions have occurred in eggtolerant vaccinees. Other allergenic vaccine components have been sought, and gelatin has been suggested as one cause of allergic adverse events. The aim of this study was to further characterize the actual allergenic vaccine components.
W orldwide, the measles-mumps-rubella (MMR) vaccination has proven to be a very safe and effective health intervention. [1] [2] [3] Since the introduction of the MMR vaccine, immunization of egg-allergic individuals has, however, been a subject of controversy. 4 -6 Although several studies have shown that most egg-sensitive persons can receive the MMR vaccine safely, their vaccination is still often delayed or denied. [7] [8] [9] [10] [11] [12] [13] [14] [15] The vaccine strains of one of the most commonly used MMR vaccines, M-M-R II (Merck, West Point, PA) are grown in chick embryo cells (measles and mumps) and human diploid cell culture (rubella). Because the vaccine is not produced in eggs, it contains none or only a minute amount of egg protein, which usually is insufficient to cause allergic adverse events. 4, 6 Moreover, allergic reactions have been reported in vaccinees who tolerate eggs. Hypersensitivity to other vaccine constituents, such as gelatin or neomycin, which are present in the vaccine in larger quantities than is egg protein, has been proposed. 16 -22 In Finland, egg-allergic children are increasingly frequently immunized with a vaccine produced entirely in human diploid cells, and this vaccine, which contains the Rubini mumps virus strain, is widely used in other parts of Europe as well. 23 Recent studies from Switzerland 23 and Singapore 24 suggest, however, that the Rubini virus strain provides poor protection against mumps. Even in countries such as Finland, which have no indigenous mumps, groundless use of this vaccine poses a risk. These findings accentuate the importance of identification of the actual allergenic vaccine components.
METHODS

Participants
In November 1982 in Finland, a 2-dose MMR immunization schedule replaced the separate measles, mumps, and rubella vaccinations. 3 Children are vaccinated voluntarily and free of charge at 14 to 18 months and 6 years of age. Intermediate age groups were also immunized in catch-up programs during the first years. Recruits of the Defense Forces were included in 1986, and health care workers, nursing school students, and 11-to 13-year-old girls in 1988. Recently delivered mothers were vaccinated from 1988 to 1993.
Vaccine
M-M-R II has been the only vaccine in general use in Finland, but a vaccine produced entirely in human diploid cells has been administered to some allergic individuals since 1992. M-M-R II contains the more attenuated Enders-Edmonston strain of measles virus, the Jeryl Lynn B strain of mumps virus, and the Wistar RA 27/3 strain of rubella virus. Each dose also contains hydrolyzed gelatin (14.5 mg), sorbitol (14.5 mg), sucrose (1.9 mg), human albumin (0.3 mg), and neomycin (0.025 mg). The vaccine is administered subcutaneously.
Case Collection
A prospective follow-up of serious adverse events after MMR vaccination was conducted from November 1982 to December 1996 in the entire country. 3, 25 A reportable reaction was a potentially life-threatening disorder (eg, anaphylaxis), an event leading to hospitalization, or a chronic disease possibly triggered by MMR vaccination. Along with a notification form, paired serum samples were sent to the central office of the project.
The reported cases of anaphylaxis, urticaria with or without angioedema, asthmatic symptoms, Henoch-Schö nlein purpura, and Stevens-Johnson syndrome were presumed to be hypersensitivity-induced, and these patients comprised the study group.
Clinical details were collected from the notification forms and the medical records of the vaccinees. If the information was incomplete, the local nurses or doctors were interviewed. With the permission of the local authorities, certain vaccinees (described below) or their parents were contacted to obtain their medical histories in more detail.
Specific Immunoglobulin E (IgE) Determinations
The collected sera were stored at Ϫ20°C until analyzed in 2000. Serum IgE antibodies to gelatin were measured by a commercial CAP System radioallergosorbent test (RAST) fluoroenzymeimmunoassay (FEIA; Pharmacia and Upjohn, Uppsala, Sweden). Specific IgE levels in serum Ն0.35 kU/L were considered positive (0.35-0.69 kU/L CAP class 1, 0.7-3.49 kU/L CAP class 2, and 3.5-17.49 kU/L CAP class 3).
To evaluate further IgE binding to the whole vaccine (M-M-R II , 1:1 and 1:10 v/v) and the main components of the vaccine, an immunospot method 26 
RESULTS
In 1982 to 1996, 2 990 000 doses of M-M-R II vaccine were distributed to 1.8 million individuals, the vaccination coverage being ϳ95%. 27 In addition, in 1992 to 1996, 2570 doses of the egg protein-free vaccine were administered to allergic vaccinees.
During this surveillance for over 14 years, 73 presumably allergic reactions were reported 25 : 30 anaphylaxis, 30 urticaria (in 12 patients accompanied by angioedema and in 1 by asthmatic symptoms), 10 asthmatic symptoms, 2 Henoch-Schö nlein purpura, and 1 Stevens-Johnson syndrome. The reporting rates were 1.0, 1.0, 0.3, 0.07, and 0.03 per 100 000 vaccine doses, respectively. No such reactions were reported after administration of the egg protein-free vaccine. IPV indicates inactivated poliovirus vaccine. * Based on previously described analysis. 25 The immediate or nonimmediate allergic reactions of 36 vaccinees with serum samples available were further evaluated, with 18 cases of suspected anaphylaxis, 13 of urticaria (5 cases accompanied by angioedema and 1 by asthmatic symptoms), 4 of asthmatic symptoms, and 1 of Henoch-Schö nlein purpura. The characteristics of these 36 participants are presented in Tables 1 and 2, and their histories of  allergy are summarized in Tables 3 and 4. Of these 36 reactions, 25 (69.4%) occurred after the first dose of MMR vaccine and 10 (27.8%) after the second dose; in 1 case this information was lacking. Ages at vaccination ranged from 14 months to 23 years (median: 5 years 11 months).
In 17 cases, the reaction developed within 10 minutes of vaccination (16 anaphylaxis and 1 urticaria). Three individuals experienced the reaction within 1 hour, and 7 within 24 hours. The remaining 9 events appeared 3 to 15 days postvaccination. Twenty-four patients (66.7%) received medication, and all patients recovered uneventfully.
Concurrent infections were detected by serology in 10 vaccinees (27.8%). 25 Simultaneous immunizations were administered to 7 (19.4%).
Previous history of hypersensitivity was noted in 15 of the 36 vaccinees (41.7%) at the time of vaccination. Egg allergy was present in 1 child, who had asthmatic symptoms 24 hours postvaccination, but his serology was positive for concurrent Moraxella catarrhalis infection. 25 Two children with urticaria and 1 with anaphylaxis had outgrown their egg sensitivity. Asthma had been previously diagnosed in 2 individuals with anaphylaxis, 1 with asthmatic symptoms, and 1 with urticaria.
In addition, a 6-year-old boy had a history of anaphylaxis after ingestion of egg and had active asthma (patient 20 in Tables 1-4 ). An MMR skin-prick test was conducted twice before his vaccination. The first test induced a wheal of 3 mm, which was equivalent to that of the positive control (histamine dihydrochloride 10 mg/mL), but the second test was negative. He was vaccinated with M-M-R II in hospital. Mild generalized urticaria developed within 30 minutes, but there were no signs of angioedema or asthma. He received antihistamine and became symptomless in 30 minutes.
Seven patients were skin-prick tested with MMR vaccine after the reported event, all with negative results.
Gelatin CAP System RAST
Of the 36 sera tested, 5 (13.9%) were gelatin CAP System RAST-positive (Tables 3 and 4 ). The positive results were detected in 2 vaccinees with anaphylaxis, 2 with urticaria (in the other child accompanied by symptoms of asthma), and 1 with symptoms of asthma. Three of these had gelatin-specific IgE of CAP class 2, and 2 of class 3 (range: 1.0 -7.1 kU/L).
Immunospot
Distinct binding of IgE antibodies to gelatin was demonstrated in 10 of the 36 serum samples (27.8%; Hib indicates H influenzae type b vaccine; purpura, Henoch-Schö nlein purpura. * Based on previously described analysis. 25 † Accompanied by angioedema. Tables 3 and 4 ). The reported reactions among these 10 vaccinees were 5 urticaria (in 1 case accompanied by asthmatic symptoms), 3 asthmatic symptoms, and 2 anaphylaxis. Four had strong positive results and 6 weak positive (11.1% and 16.7%, respectively). The IgE binding was more evident to the bovine/porcine gelatin. Of the 10 patients, 2 showed reactivity also against hydrolyzed collagen. All 5 patients with increased IgE to gelatin in the CAP System RAST showed specific IgE binding to gelatin also in the immunospot. In addition, 5 patients had weak positive results in the immunospot, suggesting the better sensitivity of this method. However, 2 of the 5 patients with positive immunospot results but the by-definition negative CAP System RAST had weak reactivity against gelatin also in the CAP System RAST (0.1 kU/L). Sera from nonatopic and atopic controls showed no binding to gelatin.
Nine patients (25.0%) showed egg-specific IgE in the immunospot (6 strong and 3 weak positive). The reported reactions were 5 urticaria (1 with asthmatic symptoms), 2 asthmatic symptoms, 1 anaphylaxis, and 1 Henoch-Schö nlein purpura.
IgE binding to chicken was demonstrated in 8 patients (22.2%); 5 with urticaria (1 with asthmatic symptoms), 2 with asthmatic symptoms, and 1 with anaphylaxis.
Specific binding to cow's milk was observed in 17 patients (47.2%), 7 with strong and 10 with weak positive results. Feathers induced positive results in 5 patients (13.9%).
No binding of IgE to the whole vaccine, neomycin, or human albumin was observed by the immunospot. The absence of IgE binding in the nonatopic control serum and lack of human albumin-specific IgE excluded unspecific IgE binding.
For 10 of the 18 patients (55.6%) with reported anaphylaxis, the physician treating the vaccinee suspected the reaction to be fainting instead of actual anaphylaxis, so only 3 of these received epinephrine. One of these patients showed IgE binding to gelatin and feathers (patient 5). Four vaccinees had IgE binding only to milk and 1 to egg and milk; 4 had negative results.
A 20-year-old woman had anaphylaxis 9 hours after vaccination, shortly after eating chicken (patient 23). Allergy to chicken or spices was suspected, but only total serum IgE was measured after the event; it was slightly elevated (200 kU/L; reference range: Ͻ110 kU/L). Her CAP System RAST and immunospot results remained negative. The immunospot results of patient 18 are presented in Fig 1. 
Later Clinical Symptoms
To relate the positive results in the CAP System RAST or the immunospot to later allergic symptoms, the vaccinees with gelatin-specific IgE or their parents were interviewed in May 2000.
Of the 10 gelatin-hypersensitive vaccinees, 9 were contacted 4 years 8 months to 17 years 5 months after MMR vaccination. Only 2 (patients 30 and 33) reported no allergic symptoms.
Patient 18 experienced another anaphylactic reaction after eating chicken 1 year after MMR vaccination, and chicken and fish allergy were diagnosed. Frequent gastrointestinal symptoms, such as stomachache, nausea, or diarrhea were reported by patients 19, 21, 22, and 34. Angioedema or blistering of the mouth or throat was reported by patients 19, 21, and 27. All of them associated their symptoms with food, especially with chicken, egg, fish, or pudding.
Persistent atopic eczema was reported by patients 5 and 22. None of the vaccinees were aware of the gelatin hypersensitivity.
Three of the 9 vaccinees (patients 19, 22, and 34) were revaccinated with MMR 4 years 5 months to 14 years after the first dose. Two developed no symptoms, whereas patient 19 experienced cough and sneezing postvaccination. 
DISCUSSION
High vaccination coverage is a prerequisite for the success of all immunization programs aiming at disease eradication. 1 Exclusion of relatively large populations, such as egg-allergic children, from standard vaccination schedules, has to be based on thorough evaluation of the risks and benefits of immunization.
Safety of MMR vaccination of egg-sensitive persons has been studied thoroughly. In 1987, 122 of 135 severely atopic individuals (90.4%) of whom 56% had confirmed egg allergy were immunized with MMR vaccine by Juntunen-Backman et al. 7 No severe allergic symptoms developed, and the only reactions found were mild generalized urticaria and fever, each in 1 child. 7 In the United Kingdom, 200 egg-allergic children were skin-prick tested with measles or MMR vaccine, and only 5 had positive reactions. 14 One of these 5 developed anaphylaxis after a subsequent intradermal test. All the other 199 individuals received measles or MMR vaccine without problems. 14 In 7 studies in Canada, the United States, and Australia, a total of 1281 children with hypersensitivity to egg were safely immunized with measles-mumps or MMR vaccine. 8 -13,15 Current opinion favors vaccinating despite egg allergy, but a cautious approach is recommended if the vaccinee has a history of anaphylactic or other serious immediate reaction after ingestion of egg or after previous vaccinations. 6, 17 These severely hypersensitive individuals should be referred for specialist evaluation, and immunization in a supervised setting is, in most cases, feasible. The recent recommendation in the United Kingdom also encourages vaccination in hospital of individuals with a milder egg allergy and with concurrent asthma. 6 Allergy to feathers or chicken meat is not a contraindication. 9 The usefulness of skin-prick or intradermal testing of egg-allergic individuals before vaccination has been debated also, and several studies have found poor positive and negative predictive values. 4,10 -13 Moreover, these tests, as such, can also trigger anaphylaxis. 14 Because more allergic reactions after MMR vaccination have occurred in individuals without egg hypersensitivity, 6 other allergenic vaccine components have been sought. Previous systemic reactions to neomycin contraindicate vaccination but are extremely rare. Contact dermatitis from neomycin does not prevent immunization. 17 None of the reactions in our study were attributable to neomycin.
In 1993, Kelso and collaborators 16 demonstrated by the immunoblotting method the presence of gelatin-specific IgE in an egg-tolerant 17-year-old female who developed anaphylaxis after MMR vaccination. Sakaguchi et al 18 -20 showed a strong relationship between gelatin in monovalent measles, mumps, or rubella vaccines and immediate-type allergic reactions in 27 vaccinees tested by the CAP System. Nonimmediate-type hypersensitivity to gelatin in vaccines was described by Taniguchi et al 21 and Sakaguchi et al, 28 and anti-gelatin immunoglobulin G was suggested to play a role in the nonimmediate reactions. 28 Anaphylaxis has also been reported after administration of gelatin-containing varicella vaccine. 29 Because most gelatin-induced events have been reported from Japan, a question as to the role of ethnicity in gelatin hypersensitivity has been raised. 22 Our series does not support this theory, because gelatin allergy was detected by the immunospot and CAP System RAST methods in 27.8% of Finnish vaccinees with immediate or nonimmediate allergic adverse events.
Egg hypersensitivity was detected in 9 patients (25.0%). Interestingly, the positive results in gelatinspecific IgE binding overlapped with egg, chicken, and feather reactivity. Of the 10 patients with positive results to gelatin in the immunospot, 4 had also egg-and chicken-specific IgE. In addition, 2 vaccinees showed IgE binding to gelatin and egg, and 2 to gelatin and chicken. Concurrent IgE binding to gelatin and feathers was detected in 4 patients.
Because the prevalence of cow's milk allergy is estimated to be 2.5% in infants and decreases with age, 30 the proportion of vaccinees with positive immunospot results to cow's milk (47.2%) in this study is surprisingly high. Businco 5 speculated on possible cross-reactivity between cow's milk and gelatin. We detected both gelatin-and milk-specific IgE in 4 vaccinees.
Timing the serum sample collection differently would have perhaps increased our positive results. Specific IgE antibodies do not always appear immediately after an allergic event, and collection of a blood sample very soon after the reaction may lead to a negative result. 31 Gelatin, which is prepared by the hydrolysis of collagen from various animal sources, is used as a stabilizer pharmaceutically and in foods such as yogurt, pudding, pastry, instant whipped cream, and candies. Hypersensitivity to gelatin in candy has been reported, 32 but allergic reactions seem to be more common toward pharmaceutically used gelatin, with even fatal reactions occurring against gelatin-containing plasma substitutes. 33 A separate question is how gelatin allergy has already developed in some children during the first year of life. Precooked infant foods 21 or previous administration of gelatin-containing vaccines, such as diphtheria-tetanus-pertussis vaccine, have been postulated as sensitizing allergens. 20, 22 More research is needed to characterize in more detail the role of gelatin in immediate and nonimmediate allergic reactions to vaccines, and its possible cross-reactivity with egg, chicken, and feathers, as well as cow's milk. The vaccine component responsible for every severe allergic reaction should be sought, and the commercially available gelatin CAP System RAST is a useful tool. If gelatin emerges as a common allergen, less reactogenic stabilizing materials should be developed, as has already been done in Japan. 34 This study provides additional evidence of the extreme rarity of severe allergic reactions induced by MMR vaccination. Our findings support the view of vaccinating most egg-allergic individuals according
